We numerically investigate the Anderson transition in an effective dimension d (3 < d < 11) for one particle propagation in a model random and quasi-periodic potential. The found critical exponents are different from the standard scaling picture. We discuss possible reasons for this difference.
s ~ d/2 [6] or o-decreases exponentially near the transition [4] .
Numerical investigations of the exponents has been restricted to d = 3 where it was found s = v = 1.5 4-0.1 ([2] and reference therein) in agreement with the scaling relation between v and s. However, the applied numerical methods were quite heavy and did not allow to obtain a better accuracy in the determination of the exponents or to increase the dimension. For 2 < d < 3 and d = 4 there are only recent results for v [7] obtained by transfer matrix technique. While the results there seem to be in agreement with the scaling theory the system size was so small that the question if the thermodynamic limit had been reached remains open.
An effective way to increase the number of dimensions was proposed in [8] and applied for investigation of transition in d = 3 [9] where it was also found s 1.25 and v ~ 1.5. The method consists in the investigation of the well-known model of quantum chaos namely the kicked rotator model with a frequencymodulated amplitude of kicks. The time-dependent Hamiltonian of the model is given by H = H0(fi) + V(O, t)31(t),
where 31 (t) is the periodic delta function with period 1 between kicks, h = -iO/O0 and 0 is a periodic angle variable. H0 determines the spectrum of unperturbed energies En chosen randomly distributed in (0, 27r). The perturbation V depends on time in a quasi-periodic way:
V(O, t) = -2 tan -1 2k cosO + E cos(Oj + cojt)
X j=l with d -1 incommensurate frequencies coj. Here Oj are initial phases and the time is measured in number of kicks. The Hamiltonian (1) can be re-written in the extended phase space by letting fij = -i3/30j. After that the problem becomes periodic in time and the eigenvalues equation for the quasi-energy eigenfunctions can be mapped to the usual solid-state form [9, 10] :
r where the Y~/indicates a sum over the nearest neighbors to n on a d-dimensional lattice and the diagonal term at the site n = (n, nl ..
j=l Here ~bj = njcoj and ). is the quasi-energy. If ~bj are randomly distributed in (0, 2zr) then Eq. (3) becomes equivalent to the Lloyd model at the center of the band (E = 0). The parameter ). determines only the phase shift and it is clear that the physical characteristics are independent on its value. Since the mapping between (1) and (3) is exact, it is possible to study the Anderson transition in d-dimensions by investigating the dynamics of the one-dimensional system (1). This gives an effective gain of order N a-1 in numerical computations if N is the system size. Finally, discussing the model, we should mention that the presence of disorder in the expression for Tn is crucial. Indeed, according to the exact mathematical results [11] in the case of pure quasi-periodic potential when in (4) En = con all states for typical irrational frequencies are exponentially localized for any d (for 1D case see also [12] ). The physical meaning of this result is quite clear: the classical dynamics in this case is integrable and variation of unperturbed actions (levels n) is restricted by invariant curves. However, even if only in one direction the dispersion becomes nonlinear (e.g. En c< n 2) then the classical dynamics can become chaotic with diffusive spreading in all n directions. In this paper we investigate how this diffusion is affected by quantum effects. For simplicity we study the case with random variation of En with n, which is also nonlinear.
Using the above approach we studied numerically the Anderson transition for integer 3 < d < 11 in the model (1) and (2) . The choice of frequencies was the following: for d = 3 we fixed col,2/27r = 1/)-, 1/). 2 with ). = 1.3247, ... being the real root of the cubic equation x 3 -x-1 = 0 which gives the most irrational pair [9] ; for d = 4 we added co3/2~r = l/v/2 and for d > 4 we chose all frequencies randomly in the interval (0, 2re). The size of the basis N was between 1024 and 4096. The total number of iterations (kicks) was usually around 106 but in some cases close to the critical point the evolution was followed up to 107 kicks. We used from 10 to 100 realizations of disorder to suppress statistical fluctuations.
A typical example of diffusive spreading over the lattice for d = 4 is shown in Fig. 1 . Here k > kcr and the second moment of the probability distribution grows linearly with time. At the same time the probability distribution over levels has the gaussian shape (see Fig. l(b) ). This allows to determine the diffusion constant D. Usually, we extract it from the probability distribution since here the statistical fluctuations are lower than for the value obtained from the second 2 Let us mention that in [9] it was chosen b = In g tO have normalization .equal to one. This choice enhances the contribution of the states near the maximum at n = 0 so that g defined in this way becomes close to the definition of g via the participation ratio Yi. For d = 3 our data for v(Fi) defined via Yi give (see Table 1 ) v(Fi ) = 1.71(6) to becompared with v ~ 1.5 from [9] . The fit without fixing b stress more the contribution of far exponential tails where according to our data the exponent is larger v(y) = 2.37(1). In (k/kor-1)
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In (1-k/k,3 We also analyzed the decay of the average probability to Stay at the origin In (1-k/k.) Figs. 10 and 11) . However, further investigations are required to conclude whether the behavior of the scaling exponents is a peculiarity of the model under investigation. Indeed, in our model there are some correlations between hyperplanes with the same value of n. However, in our opinion for the classical model chaos and diffusion in all directions can appear even if the motion is nonlinear only in one direction (En changes with n in a nonlinear way or randomly). Due to that we think that the quantum dynamics of the above model should be quite similar to a real disordered system in dimension d.
